WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
A61B 19/00 


Al 


(11) International Publication Number: WO 98/40026 
(43) International Publication Date: 17 September 1998 (17.09.98) 


(21) International Application Number: PCT/IB98/00731 

(22) International Filing Date: 1 1 March 1998 (1 1 .03.98) 

(30) Priority Data: 

08/815,141 11 March 1997 (11.03.97) US 

(71) Applicant (for all designated States except US): SONOMET- 

RICS CORPORATION [CA/CA]; Unit 116, 4500 Blakie 
Road, London, Ontario N6C 1A4 (CA). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): VESELY, Wan [CA/US]; 
1216 Oakridge Drive, Cleveland Heights, OH 44121 (US). 

(74) Agent: JAFFE, Michael, A.; Benesch, Friedlander, Coplan 
& Aronoff LLP, 2300 BP America Building, 200 Public 
Square, Cleveland, OH 44114 (US). 


(81) Designated States: AL, AM, AT, AT (Utility model), AU 
(Petty patent), AZ, BA, BB, BG, BR, BY, CA, CH, CN, CU, 
CZ, CZ (Utility model), DE, DE (Utility model), DK, DK 
(Utility model), EE, EE (Utility model), ES, Fl, FI (Utility 
model), GB, GE, GH, GM, HU, ID, IL, IS, JP, KE, KG, 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SK (Utility model), SL, TJ, TM, TR, TT, UA, UG, US, 
UZ, VN, YU, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, ML, MR, NE, 
SN, TD, TG). 

Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: SYSTEM FOR CARRYING OUT SURGERY, BIOPSY AND ABLATION OF A TUMOR OR OTHER PHYSICAL 
ANOMALY 



(57) Abstract 

A system for carrying out surgery on a bod- 
ily structure (e.g., breast and liver) with greater 
precision, accuracy, comfort and minimal inva- 
siveness. A 3-dimensional tracking and imaging 
system (1000) is used to obtain an accurate posi- 
tion of an instrument as it is maneuvered by an 
operator, and to mark a location on the subject 
bodily structure. The system is particularly advan- 
tageous for surgical procedures for biopsying and 
destroying tumors in bodily structures which are 
easily dcformable. 



r 



1030 



INSTRUMENT 



1032 



MOBILE 
TRANSDUCERS 



REFERENCE J 
TRANSDUCERS 



1034 



7 



1010^ 



3-D 
TRACKING 
SYSTEM 

^loia 



IMAGING 
MODALITY 
SYSTEM 



1016 



IMAGE 
REGISTRATION 
SYSTEM 



1014 



WARPING/ 
TRANSFORMATION 
SYSTEM 

zr 



1022 



DISPLAY 



1018 



1020 



s\ 



USER 
INTERFACE 



ROBOTIC 
MANIPULATOR 
SYSTEM 




ROBOTIC 
CONTROL 
SYSTEM 




^1044 


^-1042 



1040 



-1000 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


IS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SI) 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/40026 



PCT/IB98/00731 



-1- 

SYSTEM FOR CARRYING OUT SURGERY, 
BIOPSY AND ABLATION OF A TUMOR OR 
OTHER PHYSICAL ANOMALY 

Related Applications 
The present application is a continuation-in-part (CP) of co-pending 
International Application No. PCT/CA96/00194, filed March 26, 1996, which is a 
continuation-in-part (CIP) of U.S. Application Serial No. 08/411,959, filed March 28, 
1995, now U.S. Patent No. 5,515,853. The contents of both applications are 
incorporated herein by reference. 

Field oflnventinn 

The present invention relates generally to a system for carrying out a surgical 
procedure on a bodily structure (e.g., breast, liver, pancreas, kidney, uterus or other 
solid organ), and more particularly to a system for tracking an instrument within a 
bodily structure, marking the location of a tumor, and biopsying or destroying the 
tumor. 

Background of foe Invention 
Breast biopsies are currently performed using a device known as a Core 
Biopsy System. The Core Biopsy system first obtains a stereo-mammogram from a 
patients breast, while the breast is immobilized by being compressed between two 
plates, and uses these two images to calculate the 3-D coordinates of the suspected 
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tumor. A needle is then fired into the breast and a biopsy is taken of the suspected 
tumor. If the biopsy is positive, then the patient is scheduled for tumor removal 
surgery. It should be noted that before the biopsy procedure is commenced, the tumor 
needs to be manually identified by a radiologist. 

The surgical procedure generally proceeds in the following manner. A patient 
undergoes multi-plane mammography, a radiologist examines the film, and then 
inserts a wire into the breast so that it punctures the tumor. This procedure is 
visualized using repetitive x-ray imaging. More recently, the stereotactic breast 
imaging system has been used to localize the tumor more precisely and assist in the 
insertion of the wire. The patient is then sent to the operating room, and the breast is 
prepared for surgery by the application of a topical sterilant. The surgeon then cuts 
the breast open, following the wire until the lesion is found and excised. 

One of the undesirable factors of the foregoing procedure is the presence of a 
long wire through the breast for many hours at a time while awaiting surgery. This is 
highly traumatic for the patient and undesirable. Secondly, during surgery, the 
surgeon must follow the wire into the breast. Since this may not be the optimal 
trajectory, the surgeon would ideally like to plan the entry pathway independent of the 
wire, or eliminate the wire altogether. This can be done only if the location of the 
lesion within the breast can be identified using a system that takes into account the 
inherent deformability of the breast tissue. It should be appreciated that the problem 
associated with the deformability of breast tissue applies equally to other easily 
deformable bodily structures such as the liver. 
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The current problem limiting use of stereotactic breast surgery is the large 
difference between the position and shape of the breast during mammography and 
surgery. In this regard, images taken during mammography become unusable for 
stereotactic positioning during Ihe surgical procedure. While stereotactic surgery can 
be done with the breast compressed, and the patient lying on the stereotactic tabic, this 
is not desirable. The ideal way to do this surgery is with the patient on her back, as is 
done routinely. 

The present invention overcomes these and other drawbacks of prior art 
systems and provides a system having significantly improved accuracy and providing 
greater comfort to the patient. 

Summary of t he Invention 
According to the present invention there is provided a system for performing 
stereotactic surgery with improved accuracy and comfort. 

It is an object of the present invention to provide a system for performing 
surgery on a bodily structure in a minimally invasive manner. 

It is another object of the present invention to provide a system for performing 
surgery on a bodily structure which is inherently deformable. 

It is another object of the present invention to provide a system for performing 
surgery, wherein there is increased precision of the localization of a tumor, enabling 
more precise surgery. 
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It is still another object of the present invention to provide a system for 
performing surgery, wherein a constant 3-D reference frame is established. 

It is still another object of the present invention to provide a system for 
performing surgery, wherein deformation of the subject bodily structure docs not alter 
a 3-D frame of reference. 

It is yet another object of the present invention to provide a system for 
performing breast surgery in which there is greatly reduced potential for disfiguring or 
altering the shape of the breast. 

It is yet another object of the present invention to provide a system for 
performing surgery of the liver, or other internal organ, in which there is more 
accurate locating of a tumor. 

It is yet another object of the present invention to provide a system for 
performing surgery of the liver, or other organ, in which there is a need for more 
accurate locating of a surgical instrument. 

Still other objects and advantages of the invention will become apparent to 
those skilled in the ait upon a reading and understanding of the following detailed 
description, accompanying drawings and appended claims. 

Rrfpf nMcrintion of the Drawings 

The invention may take physical form in certain parts and arrangements of 
parts, a preferred embodiment and method of which will be described in detail in this 
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specification and illustrated in the accompanying drawings which form a part hereof, 
and wherein: 

Fig. 1 shows a 3-dimensional tracking and imaging system according to a 
preferred embodiment of the present invention. 

Fig. 2 shows a breast having a reference transducer deposited therein while the 
breast is under compression; 

Fig. 3 shows a transducer arrangement according to a preferred embodiment of 
the present invention; 

Figs. 4A and 4B illustrates the progression of a probe through a breast shown 
against the original stereo mammograms; 

Fig. 5 A shows reference transducers and a "homing beacon" transducer 
located on abreast; 

Fig. 5B shows the scene of Fig. 5A, as shown in 3-D on a display unit; 

Fig. 6A shows a probe having a transducer in contact with the breast shown in 
Fig. 4A; 

Fig. 6B shows the scene of Fig. 6 A, as shown in 3-D on a display unit; 

Fig. 7 shows a liver having a plurality of reference transducers applied thereto; 

Fig. 8 illustrates a procedure for generating a 3-D scene including a 2-D 
ultrasound image of the liver shown in Fig. 7. 

Fig. 9 shows insertion of a locatable tube into the liver shown in Fig. 7; and 

Fig. 10 shows the insertion of a cryoprobe into a trackable sleeve located at the 
site of a tumor. 
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Detailed Description of the Preferred Embodiment 
It is known that using the time-of-flight principle of high frequency sound 
waves, it is possible to accurately measure distances within an aqueous medium, such 
as inside the body of a living being during a surgical procedure. High frequency 
sound, or ultrasound, is defined as vibrational energy that ranges in frequency from 
100 kHz to 10 MHz. The device used to obtain three-dimensional measurements 
using sound waves is known as a sonomicrometer. Typically, a sonomicrometer 
consists of a pair of piezoelectric transducers (i.e., one transducer acts as a transmitter 
while the other transducer acts as a receiver). The transducers are implanted into a 
medium, and connected to electronic circuitry. To measure the distance between the 
transducers, the transmitter is electrically energized to produce ultrasound. The 
resulting sound wave then propagates through the medium until it is detected by the 
receiver. 

The transmitter typically takes the form of a piezoelectric crystal that is 
energized by a high voltage spike, or impulse function lasting under a microsecond. 
This causes the piezoelectric crystal to oscillate at its own characteristic resonant 
frequency. The envelope of the transmitter signal decays rapidly with time, usually 
producing a train of six or more cycles that propagate away from tire transmitter 
through the aqueous medium. The sound energy also attenuates with every interface 
thai it encounters. 

The receiver also typically takes the form of a piezoelectric crystal (with , 
similar characteristics to the transmitter piezoelectric crystal) that detects the sound 
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energy produced by the transmitter and begins to vibrate in response thereto. This 
vibration produces an electronic signal in the order of millivolts, that can be amplified 
by appropriate receiver circuitry. 

The propagation velocity of ultrasound in an aqueous medium is well 
documented. The distance traveled by a pulse of ultrasound can therefore be 
measured simply by recording the time delay between the instant the sound is 
transmitted and when it is received. Three-dimensional coordinates can be 
determined from the distance measurement. 

Referring now to the drawings wherein the showings are for the purposes of 
illustrating a preferred embodiment of the invention only and not for purposes of 
limiting same, Fig. 1 shows a three-dimensional (3-D) tracking and imaging system 
1000 for use in connection with die procedure of the present invention. 3-D tracking 
and imaging system 1000 is generally comprised of a computer system 1010, mobile 
transducers 1032, reference transducers 1034, an instrument 1030 and an optional 
robotics subsystem 1040. 

Computer system 1010 is generally comprised of a 3-D tracking system 1012, 
an imaging modality system 1014, an image registration system 1016, a warping and 
geometry transformation system 1018 ("warp system"), a user interface 1020 and a 
display 1022. It should be appreciated that 3-D tracking system 1012 may take the 
form of a sound-based system or an electromagnetic-based system. Both time of 
flight and phase relationships maybe used to determine distance. Preferably, 3-D 
tracking system 1012 takes the form of the 3-D ultrasound tracking system described 
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in U.S. Patent No. 5,515,853 and PCT Application No. W096/31753, both of which 
are incorporated herein by reference. 

Instrument 1030 may take the form of a catheter, a probe (e.g., a cryoprobe), a 
sensor, a needle, a scalpel, a forceps or other device or instrument used in a surgical or 
diagnostic procedure. Mobile transducers 1032 and reference transducers 1034 may 
take the form of an ultrasonic transducer or an electronic transducer. However, for 
purpose of illustrating a preferred embodiment of the present invention, transducers 
1032 and 1034 will take the form of ultrasonic transducers (i.e., piezoelectric 
crystals). 

A plurality of mobile transducers 1032 are fitted to instrument 1030. One or 
more reference transducers 1034 provide a reference position relative to mobile 
transducers 1032. In this respect, reference transducers 1 034 may be located to 
provide an internal reference frame inside a patient's body or on the surface of a 
patient body to provide an external reference frame. 

As indicated above, reference transducers 1034 may be transmitters, 
transceivers or receivers that can generate ultrasound or electromagnetic radiation, 
that can be detected by mobile transducers 1032. 

3-D tracking system 1012 transforms the multiple distance measurements 
between all of the transducers 1032, 1034 into XYZ coordinates relative to a 
referenced axis, as described in detail above. It should be appreciated that the 
reference frame provided by reference transducers 1034 must be self-determining, that 
is, if the reference frame becomes distorted, this distortion needs to be detected by 
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reference transducers 1034. Detection is typically done by using transceivers that can 
determine the distance between any combination of two transducers, and hence their 
relative special coordinates in 3-D space. In this regard, the position of the 
transducers is obtained in 3-D from the images acquired of the bodily structure (e.g., 
tissue or organ) that show "dots" where the transducers are located, and also from the 
transducers themselves when they are in the bodily structure. If there is some 
discrepancy in the distances between all combinations of transducers, men the bodily 
structure must have deformed ( i.e., "warped") after the images were acquired. A 
mathematical coordinate transformation can be used to specify exactly how to correct 
the image set and account for the warping. The distance between any combination of 
two transducers is determined by having each transducer send a signal to al l other 
transducers. In this way, all the distances between the transducers are known. From 
these distances, XYZ coordinates can be calculated, in reference to some transducer as 
the origin. 

Imaging modality system 1014 acquires 2-D, 3-D or 4-D image data sets from 
an imaging source, such as fluoroscopy, an MRI (magnetic resonance imaging), CT 
(computerized tomography) or 2-D or 3-D ultrasound device, to provide a "template" 
through or against which the shape, position and movement of instrument 1030 being 
tracked can be displayed. The template typically takes the form of an image of the 
environment surrounding the instrument (e.g., a bodily structure). It should be noted 
that if multiple (3-D) volumes are acquired at different time intervals, a 4-D image is 
obtained (i.e., 3-D image changing over time). 
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Image registration system 1016 registers the position of instrument 1030 
within the spatial coordinates of the image data set provided by imaging modality 
system 1014. The position of instrument 1030 is provided by the 3-D tracking system 
1012. Image registration system 1016 will provide a display of instrument 1030 at its 
proper 3-D location inside the bodily structure and orientation relative to the bodily 
structure itself. It should be appreciated that registration system 1016 may be user 
assisted, or completely automated if image processing algorithms are implemented to 
automatically detect the spacial locations of the transducers (typically the reference 
transducers) in the image data set. 

Warp system 1 01 8 is a software-based system that transforms or "warps" the 
image data sets by the appropriate values to correspond to a deformation that has 
occurred in the reference frame between the time that the image data set were acquired 
and the time that the procedure is to be implemented during surgery. Accordingly, 
warp system 1018 is typically comprised of a matrix transformation routine that maps 
the deformed geometry onto the original image data set, and distorts it appropriately. 

User interface 1020 enables a user to interact with computer system 1010, 
including programming computer system 1010 to perform a desired function. For 
example, a particular view for display can be selected. Instruments 1030 (e.g., probes 
or catheters) can be activated using user interface 1020. Display 1022 displays to the 
user registered images provided by image registration system 101 6. 

Optional robotics system 1040 is generally comprised of a robotics control 
system 1042 and a robotic manipulator system 1044. Robotics control system 1042 
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controls robotic manipulator system 1044 to follow a programmed path that can be 
appropriately changed, based on shifting, warping or changes in the shape of a bodily 
structure at the time of surgery. Robotic manipulator system 1044 physically moves 
instrument 1030 as instructed by robotic control system 1042. 

The above-described 3-D tracking and imaging system 1000 can be used to 
provide both stereotactic localization during biopsy and surgery that is more 
interactive than existing stereotaxy tabic systems, and tagging of a tumor so that it can 
subsequently be localized during conventional surgery. It should be appreciated that 
while the present invention is described with reference to the biopsy and ablation of a 
tumor, it is also suitable for use in connection with other physical anomalies. 

Tagging of a tumor located in a breast will now be described with reference to 
Fig. 2. A plurality of external reference transducers 20 are affixed to the surface of 
breast 10. Reference transducers 20 provide a stereotactic external reference frame for 
the interactive 3-D display of the movement of probe 40 during insertion of internal 
transducer 30, as will be described below. Tumor 12 is tagged by inserting internal 
ultrasonic transducer 30 into tumor 12 during conventional mammography, wherein 
breast 10 is placed under compression by the use of compression plates 8. Transducer 
30 takes the place of the localizer needle that is presently inserted into the tumor 
according to prior art methods. 

Reference transducers 20 may take the form of individual stick-on elements, oi 
part of an adhesive strip. Fig. 3 shows an exemplary embodiment of an arrangement 
for affixing reference transducer 20 using an adhesive. Reference transducer 20 is 
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supported by an adhesive patch 24. A matching gel 26 is applied to the adhesive 
patch 24 and reference transducer 20 is arranged therein. Gel 26 provides acoustic 
coupling. Electrical leads 22 of reference transducer 20 exit through an opening in 
adhesive patch 24. 

It should be appreciated that reference transducers 20 will appear on the two 
mammograms obtained from at two slightly different angles, and can be used to 
generate fiducial markers for the stereographic determination of 3-D coordinates of 
lumor 1 2, relative to these markers. Moreover, the motion of probe 40 can also be 
referenced against diese bi- plane mammograms using transducer 30. Accordingly, a 
user can track the motion of probe 40 both in a 3-D viewing environment, as well as 
against the original radiograms, during the deposition of transducer 30, which will act 
as a "homing beacon" for the tumor during subsequent biopsy or surgery. The 
progression of an instrument through a breast is shown against mammograms in Figs. 
4A and 4B. 

Once transducer 30 has been deposited in tumor 12, and probe 40 removed 
from the breast 10, the patient can comfortably walk around, since electrical leads 32 
connected to transducer 30 are very flexible, and can be taped to the patient's skin. It 
should be appreciated that transducer 30 can reliably denote the location of tumor 12 
during subsequent surgery since it remains lodged in tumor 12 by means of small 
barbs that deploy duriug insertion. 

The foregoing approach is a significant improvement over conventional 
stereotaxy. Since a tremendous change occurs in the shape of the breast between 
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inammography and surgery, the tumor may be in a completely different location than 
previously perceived during mammography. As a result, any stereotactic registration 
of external breast shape with the internal breast images is lost. However, since the 
tumor is tagged with transducer 30, its location can always be determined during 
subsequent procedures. 

After the foregoing procedure, the patient goes to the operating room, the 
breast is prepared for surgery, and new adhesive, with ultrasonic transducers 
imbedded therein, are attached to the skin. Transducers 20 and 30 are connected to 
the 3-D tracking and imaging system described above. It should be appreciated that 
transducers 20 and 30 enable the tracking of additional transducers thai may be 
inserted into the breast during subsequent surgery. 

Fig. 5 A shows breast 10 having tumor 12 tagged with internal transducer 30. 
The attachment of external reference transducers 20 and the presence of internal 
transducer 30 in tumor 12 enables the generation of a 3-D viewing environment 
within which tumor 12 can be localized relative to breast 10 (Fig. 5B). This means oi 
visualizing the spatial location of tumor 12 relative to the outside of breast 10 is 
important in planning the tumor removal surgery. The conventional technique is to 
simply follow a previously inserted wire into the breast. This is not desirable since it 
may not be the most cosmetically desirable path to take. By analyzing a 3-D display, 
such as shown in Fig 5B, a surgeon can decide from which direction to begin 
incisions. 
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As the incisions are made, a secondary probe 50 can be touched into Ihe 
wound to determine if the trajectory should be modified. Fig 6A shows probe 50 
touching breast 10. It should be noted thai probe 50 has a transducer 52 arranged on 
its tip. Accordingly, a 3-D display as shown in Fig. 6B can be generated. Once 
5 transducer 52 mounted to probe 50 comes into contact with the tissue, it will appear 

in the 3-D display and can be localized relative to transducer 30 (i.e.,"homing 
beacon"). Accordingly, the 3-D display allows the surgical path to be visualized and 
corrected, as necessary. Because the external reference frame formed by reference 
transducers 20 is affixed to the external surface of breast 10, it does not matter if the 
10 breast tissue deforms following mammogram imaging. In this regard, transducer 30 

will always be shown relative to the new configuration of transducers 20 affixed to the 
external surface of breast 10. Moreover, since external reference transducers 20 
communicate with each other, they will set up a new, changing coordinate frame 
regardless to what extent the breast tissue is manipulated. In each case, the relative 
15 position of transducer 30 is displayed within this coordinate system. 

The foregoing approach provides numerous advantages and overcomes the 
current limitations of stereotactic surgery that is based on a fixed coordinate system. 
With regard to clinical advantages, breast surgery can be done much less invasively . 
When developed further, it may be possible to remove tumors in a much less invasive 
20 way, by inserting small catheters that ablate, suction or in some other way destroy the 

tumor without having to open up the breast for visual inspection. This will greatly 
reduce the potential for disfiguring or altering the shape of the breast. Another 
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important clinical advantage is the increased precision of the localization of the tumor, 
enabling more precise surgery. The theoretical precision of the 3-D tracking system 
described above is 20 um. In practice, the 3-D- spatial precision is less than 1 mm, and 
due to geometrical transformation eirors, this may rise to 2 mm. This is apparently 
still better than the precision currently available using the wire insertion technique or 
conventional stereotactic tables. Such increased precision will improve the success 
rate of tumor excision, without the need for larger, more radical lumpectomies. Yet 
another clinical advantage is thai the foregoing procedure can be readily applied to 
both biopsies, open surgery or fully closed, minimally invasive surgery- It provides a 
real-time, user assisted means of approaching tumors inside the breast and is much 
less costly than conventional stereotactic equipment. 

The present invention may also be used to locate an instrument at a tumor site, 
according to another embodiment of the present invention. Fig. 7 shows a liver 60 
having a tumor 14. A 3-dimensional reference frame of liver 60 is established by 
attaching a plurality of reference transducers 90 to the external surface of liver 60. In 
this regard, transducers 90 may be attached under laparoscopic guidance. Next, the 
location of tumor 14 is determined using guided 2-dimensional ultrasound 110, which 
generates a 2-D ultrasound imaging plane 1 12. A 2-D ultrasound imaging plane is 
displayed within the 3-D reference frame to form a 3-D scene. When tumor 14 is 
transected by ultrasound imaging plane 1 12, the user places a cursor mark in the 3-D 
scene to identify the center of tumor 14. The 3-D tracking and imaging system 
determines the 3-D coordinates of tumor 14 within the 3-D scene, relative to the 3-D 
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reference frame established by transducers 90. It should be appreciated that since 
transducers 90 are fixed to liver 60, the location of tumor 14 remains fixed relative to 
the 3-D reference frame, even as liver 60 itself is manipulated causing deformation of 
liver 60. 

5 Referring now to Figs. 9 and 10 a cryoprobe 1 00 (or other instrument) is 

located at tumor 14. In this respect, an ultrasonically beatable sheath attachment 70 
is inserted into liver 60 and positioned such that its end corresponds to the location of 
tumor 14. Sheath attachment 70 preferably takes the form of a hollow rigid sleeve or 
tube having transducers 80 mounted thereto. A preferred sheath attachment 70 is 

10 described in detail in co-pending U.S. Application Serial No. , entitled 

"Tracking Data Sheath", filed March 7, 1997, and incorporated herein by reference. 
Transducers 80 allow the position of sheath attachment 70 to be tracked using the 3-D 
tracking and imaging system, described above. 

Once sheath attachment 70 has been located at the site of tumor 14, cryoprobe 

15 100 is inserted into sheath attachment 70, such that it stops at the mouth of the sheath. 

Accordingly, cryoprobe 100 does not require physical modifications to be located at 
the site of tumor 14. Next, sheath attachment 70 is pulled back along the shaft of 
cryoprobe 100. Thereafter, cryoprobe 100 is energized to ablate tumor 14 in a well 
known manner. 

20 Alternatively, the foregoing procedure can be performed by inserting a 

trackable blunt guide instrument having ultrasonic transducers mounted thereto and 
locating the guide instrument at the site of the tumor. Next, a tube or sleeve is placed 



WO 98/40026 



PCT/IB98/00731 



- 17- 

at the site of the tumor by placing the tube over the guide instrument. Then, the guide 
instrument is removed, leaving just the sleeve. A cryoprobe (or other instrument) is 
then inserted through the sleeve, thus locating the cryoprobe at the site of the tumor. 
The invention has been described with reference to a preferred embodiment. 
5 Obviously, modifications and alterations will occur to others upon a reading and 

understanding of this specification. It is intended that all such modifications and 
alterations be included insofar as they come within the scope of the appended claims 
or the equivalents thereof. 
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Having thus described the invention, it is now claimed: 

1 . A method for carrying out surgery on a tumor in a bodily structure for 
the purpose of biopsy or ablation, comprising: 

mounting a plurality of reference transducer means to fixed positions relative 
to the bodily structure to provide a reference frame; 

obtaining a template image of the bodily structure; 

registering the reference frame with the template image to obtain a 3- 
dimensional scene; 

locating a beacon transducer means at the location of the tumor by displaying 
the position of the beacon transducer means within the 3-dimcnsional scene, the 
beacon transducer means identifying the location of the tumor; and 

locating a first instrument means at the location of the tumor by displaying the 
position of the first instrument means relative to the reference frame and beacon 
transducer means. 

2. A system according to claim 1 , wherein said step of mounting a 
plurality of reference transducer means to fixed positions includes the step of 
mounting a plurality of transducer means to the surface of a breast. 
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3. A system according to claim 1, wherein the step of mounting a 
plurality of reference transducer means to a fixed positions includes the step of 
mounting a plurality of transducer means to the external surface of a solid organ. 

4. A system according to claim 1, wherein said template image is a 
mammogram. 

5. A system according to claim 1, wherein said template image is a 
radiological image. 

6. A system according to claim 1 , wherein the step of locating the beacon 
transducer means at the location of the tumor includes the steps of: 

attaching the beacon transducer means to a second instrument means; 
moving the second instrument means to the location of the tumor; and 
detaching the beacon transducer means from the second instrument means at 
the location of the tumor. 

7. A system for carrying out surgery on a tumor in a bodily structure for 
the purpose of biopsy or ablation, comprising: 

a plurality of reference transducer means located at fixed positions on the 
bodily structure to provide a reference frame; 

means for obtaining a template image of the bodily structure; 
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registration means for registering the reference frame with the template image 
to obtain a 3 -dimensional scene; 

display means for displaying the 3-dimensional scene of the bodily structure; 

first instrument means for locating a beacon transducer means at the site of the 
tumor, the beacon transducer means identifying the location of the tumor, and 

second instrument means for performing a surgical procedure at the site of the 
tumor, wherein the second instrument means has a transducer means for indicating the 
position of the first instrument means relative to the reference frame and the location 
of the beacon transducer means. 

8. A system according to claim 7, wherein said fixed positions are on the 
surface of a breast. 

9. A system according to claim 7, wherein said fixed positions arc on the 
externa] surface of a solid organ. 

10. A system according to claim 7, wherein said template image is a 
mammogram. 

.11. A system according to claim 7, wherein said template image is a 
radiological image. 
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12. A system according to claim 7, wherein said first instrument means 
includes means for separating said beacon transducer means from said first instrument 
means. 

13. A system according to claim 7, wherein each of said plurality of 
reference transducer means comprises: 

a transducer; and 

support means for supporting the transducer, said support mean including an 
adhesive for affixing the reference transducer means to the fixed position on the 
bodily structure and a gel for acoustic coupling. 

14. A system according to claim 13, wherein said transducer is a 
piezoelectric crystal transducer. 

15. A method for carrying out surgery on a tumor in a bodily structure for 
the purpose of biopsy or ablation, comprising: 

mounting a plurality of reference transducer means to fixed positions on the 
bodily structure to provide a reference frame; 

obtaining a template image of the bodily structure; 

registering the reference frame with the template image to obtain a 3- 
dimensional scene; 
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locating a trackable sleeve.means at the location of the tumor by displaying the 
position of the sleeve means within the 3-dimensional scene; and 

locating a first instrument means at the location of the tumor by positioning 
the first instrument means within the sleeve means. 

1 6. A method according to claim 1 5 ? wherein the step of mounting a 
plurality of transducer means to fixed positions includes the step of mounting a 
plurality of transducer means to a solid organ under laparoscopic guidance, 

17. A method according to claim 15, wherein said template image is a 2- 
dimensional ultrasound image. 

18. A method according to claim 15, wherein said method further 
comprises the step of displaying a reference mark in the 3-dimensional scene, at the 
location of the tumor to facilitate locating the trockable sleeve means at the location of 
the tumor. 

19. A method according to claim 15, wherein the method further includes 
the step of removing the trackable sleeve from the first instrument means. 

20. A system for carrying out surgery on an anomaly in a bodily structure 
for the purpose of biopsy or ablation, comprising: 
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a plurality of reference transducer means mounted at fixed positions on the 
bodily structure to provide a reference frame; 

means for obtaining a template image of the bodily structure; 

registration means for registering the reference frame with the template image 
to obtain a 3-dimensional scene; 

trackable sleeve means locatable relative to an associated anomaly to identify 
a location of the associated anomaly; 

display means adapted for displaying the position of the trackable sleeve 
means within the 3-dimensional scene to locate the sleeve means at the location of the 
associated anomaly; and 

first instrument means adapted for performing a surgical procedure at the 
location of the associated anomaly, the first instrument means located at the location 
of the associated anomaly by positioning the first instrument means within the sleeve 
means. 

21. A system according to claim 20, wherein said fixed position is the 
external surface of a solid organ. 

22. A system according to claim 20, wherein said template image is a 2- 
dimensional ultrasound image. 
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23. A system according to claim 20, wherein said system further 
comprised means for displaying a reference mark in the 3-dimensional scene at the 
location of the anomaly to facilitate locating the trackable sleeve means at the location 
of the anomaly. 

24. A system according to claim 20, wherein said first instrument means is 
a cryoprobe. 

25. A method for carrying out surgery on a tumor in a bodily structure for 
the purpose of biopsy or ablation, comprising: 

mounting a plurality of reference transducer means to fixed positions to 
provide a reference frame; 

obtaining a template image of the bodily structure; 

registering the reference frame with the template image to obtain a 3- 
dimensional scene; 

locating a trackable instrument means at the location of the tumor by 
displaying the position of the trackable sleeve means within the 3-dimensional scene; 

arranging a sleeve means over the trackable instrument means; 

removing the trackable instrument means from the location of the tumor; and 

inserting a second instrument means into the sleeve means. 
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26. A system according to claim 25, wherein said second instrument means 
is an ablation means. 
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